ral hydrate was necessary to calm him down enough to sleep. When the patient was 8 years of age, a gastrostomy tube was placed and dental extraction was necessary because he would bite his tongue and lips and could not eat. Prior to surgery, he was having three to four episodes per day of severe dystonia involving his entire right body, displaying tonic neck, arm, and leg contractions in frequent succession lasting up to 60 minutes. During these attacks, the patient would drool, sweat profusely, and turn blue periorally and in his distal extremities; his breathing would be extremely labored from the muscle contractions. The dystonias also affected his left side, especially when the attacks were severe, but to a lesser extent than the right side. The child was incontinent of bowel and bladder.
Examination. At presentation, the boyÕs weight was 64 lbs. He was alert and able to follow simple commands, but had no useful speech and he was unable to stand or walk. The patientÕs pupils were equal and reactive; his extraocular movements were normal and his face was symmetrical with frequent grimacing. Patches of dark pigmentation were evident on funduscopic examination. The patientÕs corneal and gag reflexes were intact. Painful stimuli to all extremities and trunk produced withdrawal. The deep tendon reflexes were 3+ of 4 bilaterally and the boy had bilateral Babinski responses. HoffmanÕs sign was absent. The patientÕs dystonias involved all extremities, the trunk, and neck resulting in alternating flexion and extension. During the worst episodes, he would be in an opisthotonic posture with his left upper and lower extremities in extension and internal rotation. His neck would deviate to the right side and his right upper extremity would alternate between flexion and extension with internal rotation. His right lower extremity showed severe abduction and flexion. The dystonias were obviously painful. Breathing was labored and involved abdominal and accessory muscles.
Preoperative MR images were obtained from an outside hospital including T 1 -weighted (obtained both before and after infusion of contrast agent), T 2 -weighted, and proton densityÐweighted sequences. The T 2 -weighted images revealed bilateral hypointense regions in the internal segment of the globus pallidus (Fig. 1 ). There were also small areas of hyperintense signal just anterior and medial to these areas. No other lesions or focal areas of abnormality were seen during the remainder of the examination.
Operation. The patient was sedated by using a propofol drip administered by the anesthesiologist with appropriate monitoring. A stereotactic frame (CRW stereotactic system; Radionics, Inc., Burlington, MA) was applied after administration of a local anesthetic agent. The patient was transferred to a 1.5-tesla MR imager (Signa; General Electric Medical Systems, Milwaukee, WI) to obtain the localizing images. A sagittal T 1 -weighted sequence was performed to identify the midline; the anterior commissure (AC), and the posterior commissure (PC). Following this, 3-mm axial T 1 -and T 2 -weighted MR imaging through the ACÐPC line was performed. Because the patientÕs symptoms were markedly worse on the right side, a left-sided lesion was planned. A target in the globus pallidus was calculated 2 mm anterior to the midcommisural point, 3 mm below the ACÐPC line and 20 mm left of the midline; the target was confirmed anatomically on both T 1 -and T 2 -weighted images. The coordinates from the fiducial markers were entered into a computer equipped with appropriate software (Radionics, Inc.) and the target coordinates were set on the stereotactic apparatus in the operating room. The patient was transferred to the operating room and his headframe was secured to the table. Local anesthesia and a propofol drip were used throughout the procedure. A single burr hole was made just behind the coronal suture and 2 cm lateral to the midline, and the dura was coagulated and opened. A total of three passes of the recording electrode to the region of the target were made, with the last two resulting in excellent recordings of pallidal cell activity down to 2 mm inferior to the target (Fig.  2) . On the tract of the last pass, a radiofrequency lesion generator (Radionics, Inc.) was used first to stimulate the area of activity and no movement was seen in the contralateral extremities. Lesions were then made at that level and also 3 mm higher along the path, with the lesion generator set at 75û for 1 minute each. A second pair of lesions was made in the tract of the next-to-last pass, which was 3 mm farther anterior. The electrode was removed, the incision closed, and the headframe removed. The infusion of propofol was stopped and the patient awoke without difficulty.
Postoperative Course. The patient spent 1 night in the intensive care unit for monitoring, followed by 1 day in the regular neurosurgical unit prior to hospital discharge. No complications or problems were encountered during his recovery. Improvement in his right-sided dystonia was evident immediately postoperatively with no change in his left-sided symptoms. Magnetic resonance imaging of the brain, which was performed on postoperative Day 1, showed good placement of the lesion (Fig. 3) . Follow-up visits in the clinic and videotapes of the child obtained at home 4 and 13 days postoperatively demonstrated functional improvement in his right arm and elimination of his painful dystonias on the right side. He was able to open a book and turn the pages, hold objects in his right hand, and use his right arm to prop himself up into a kneeling position, none of which he had been able to do for at least 2 years. The periods of respiratory distress caused by the severe muscle contractions remitted. Six months later the patient continues to be stable in this condition.
Discussion
Originally described by Hallervorden and Spatz in 1922, little progress has been made in the diagnosis or treatment of the disease. Dooling and colleagues 3 looked at a group of 42 patients previously reported in the literature who fit the original description of the disease and outlined some characteristic clinical features as follows: 1) onset of disease after early childhood; 2) Òextrapyrami-dalÓ motor symptoms including dystonia, muscle rigidity, choreoathetoid movements, and evidence of corticospinal dysfunction; 3) mental changes and dementia; and 4) a progressive course of the disease over several years with death in early adulthood. Although these characteristics represent most of the cases, early infantile and young adult onset varieties also exist.
An autosomal recessive inheritance pattern is often found in patients with HSD, but it can also occur sporadically. In this case the genetic background was unknown because the child was adopted. Recently the gene for this disorder was mapped to a region on chromosome 20p12.3Ðp13 by using data from a large consanguineous family. 13 The primary defect is unknown, but is somehow related to brain iron metabolism because the major radiological and histopathological characteristics involve abnormal iron deposition in the basal ganglia. Iron can facilitate peroxidation, leading to cell death, and may also modulate dopaminergic neurotransmission. 12 Computerized tomography scanning of the brain can demonstrate either hypodense or hyperdense regions in the medial portion of the pallidum, but is otherwise usually unremarkable. 7, 9, 14 The results of MR imaging studies depend on the magnetic field strength, but consistent results are seen when using a 1.5-tesla machine. On T 2 -weighted images the common finding in all cases is a low signal intensity lesion with sharp borders in the pallidum, often with a smaller, more anteromedial high-signal lesion. 1, 9, 10 This pattern has been called the Òeye-of-the-tigerÓ sign by Sethi, et al. 11 Correlation with autopsy studies shows that the low-signal area is a region of iron deposition and that the higher-signal area has less iron and more water content. 7, 10 Anecdotal reports of attempted iron chelation therapy with deferoxamine for extended periods show no benefit, even when the drug proved to be present in the cerebrospinal fluid. 3, 12 The usual histopathological findings of HSD at autopsy include deposits of iron-containing pigment in the globus pallidus and the pars reticularis of the substantia nigra. It is present in neurons, astrocytes, and microglia and is also free in the intercellular space surrounding blood vessels. This pigment has been shown to contain neuromelanin and lipofuscin in addition to iron. Axonal swelling or ÒspheroidsÓ are the second common finding and can be present not only in the globus pallidus and substantia nigra, but also in the cerebral cortex and brainstem nuclei. found. 6 There is one report of liver pigmentation and pituitary hypoplasia. 16 Stereotactic pallidotomy has enjoyed a recent resurgence for the treatment of parkinsonian symptoms refractory to levodopa, but this is the first reported case in the literature in which it was used to control the dystonias seen in HSD. There is a single Japanese report of bilateral ventralis lateralis thalamotomies performed in a 10-year-old girl with HSD whose clinical presentation was similar to that of our patient. 15 It is interesting to note that significant improvement in that case was seen only after multiple operations. The use of microelectrode-guided posteroventral medial pallidotomy in patients with ParkinsonÕs disease has resulted in significant improvement in symptoms, at least at the 6-to 24-month follow-up examination. 2, 5 Contralateral tremor, rigidity, bradykinesia, and levodopa-induced dyskinesia have all been shown to respond to pallidotomy for up to 2 years and ipsilateral improvement of dyskinesia and bradykinesia occurred temporarily. It is not known how long the beneficial aspects of a pallidotomy will last, but younger patients seem to respond more fully. 5 Most patients who undergo stereotactic procedures are awake or only slightly sedated so that their movements and response to electrode stimulation can be monitored. In this case, the patient was young, dystonic, and unable to cooperate; thus, induction of light general anesthesia was necessary. Electrical activity from the pallidal cells was easily found and monitored (Fig. 2) , despite the fact that the patient was in a state of anesthesia induced by propofol.
Our patient had severe spasms and dystonias that not only affected his movement, but also his ability to breathe. Pharmacological therapy was not helpful except when he was heavily sedated. For this patient a stereotactic pallidotomy allowed him to obtain a functional recovery of the use of his right arm and relieved the dystonia and pain. He continues to do well 6 months postoperatively.
